We describe an ELISA technique for human transferrin. The test has a lowest detection limit of 2 §/1 and a wide ränge. It is specific for human transferrin and its reproducibility proved acceptable in both intra-run and between-day examinations. Results obtained by radial immunodiffusion and by ELISA were strongly correlated (n = 51; y = 0.92x + 16.1; r = 0.90). The cost in Israel for disposables and chemicals for triplicate examination is $0.55 per sample. This is 7 -8 times less than the cost of a determination, using commercial immunodiffusion plates.
Introduction
It is well documented that a great number of pathological conditions may be assoeiated with abnormal transferrin metabölism (l -8). The need for sensitive methods for quantitation of transferrin in a great variety of samples (serum, semen (9) , exocrine secretions (10) , cell cültüres (8) ) is therefore increasing. The assays mpst commpnly used at present (radial immunodiffusion, nephelometry and the iron capacity method) have low sensitivity, and the results from these different methods sometimes show a poor correlation (11 -12) . We present an ELISA technique that is simple to perform and cost-effective, and which has ä high sensitivity and specificity. The technique may be particularly useful for samples of restricted size (tears, blood from neonates) and/or of low concentration. An electronic literature search (Medline) has not retrieved any reference to the adaptation of ELISA techniques for traasferrin (up to March 1987).
Materials and Methods

Materials
Initially, two different Standards were used: purifled human transferrin (T3400, Sigma Ltd., St. Louis, USA) and human serum calibrated for transferrin level (Behringwerke AG, Marburg). Lateir, since the ELISA technique showed good agreement between the transferrin Contents indicated by the manufacturers, only the Behringwerke Standard was used routinely.
Affinity purified rabbit anti-human transferrin (Pharmacia Ltd., Uppsala, Sweden) was used in the ELISA both äs catching and äs detecting antibody. The portion used for detection was biotinylated with biotin N-hydroxy succinimide (13) in our laboratory. The biotinylated immunoglobulin is stable for at least 6 months. It is stored at -20°C in 5 portions and thawed only for use. Alkaline phosphatase 2 )-conjugated avidin, phosphatase substrate (4-nitrophenylphosphate disodium salt), various animal transferrins and agarose were products of Sigma Ltd.
Radial immunodiffusion
Anti-transferrin at 3 /cm 2 was added to agarose (10 g/l) in phosphate-bufTered saline (pH 7.2). Serum samples at a l: 10 3. Absorbance at 405 nm was recorded on a Flow Titertek Multiskan.
Results of unknown samples can be obtained either from a best-fit curve of absorption against log-concentration or, s in our routine, from a computerized log-logit SAS-program (Statistical Analysis System). The computer-generated least-squares curve was used to determine the reliable r nge of concentrations according to two criteria:
1. Maximal variations of less than 25% from the average absorbance obtained with multiple samples of a certain dilution; 2. essential linearity of the log-logit curve.
Results
Detection limit and concentration r nge
As seen in figure l, the reliable r nge of the assay is at least 2-128 μg/l. This is wider than the r nge of variations of transferrin levels observed in most kinds of clinical specimens. Therefore, one dilution of the samples can be chosen so that virtually all of them will fall within the concentration r nge of the assay. In practice, we routinely diluted serum l: l O (14) have found that the serum transferrin concentrations of neonates were about 35% of normal adult levels. This stimulated us to try to calculate the possible transplacental transfer of maternal transferrin by using the difference between the concentrations in venous and arterial cord blood. However, for 10 neonates examined, the transferrin concentrations of venous and arterial cord blood were comparable and not distinct from adult levels (tab. 3). We have no explanation for the discrepancy with the results of the above-mentioned study (14) . The transferrin concentration of amniotic fluid was 189.4 ± 66.1 mg/1. B. Some plasma proteins can be used s markers for the leakage of macromolecules from the circulation to mucous membranes, e. g. s a measure of the intensity of inflammation or in immunological studies (15) . A marker protein must be one that is not synthesized by cells of the mucous membrane. Both albumin (16) and transferrin (10) have been used s marker proteins for tears. Both groups of investigators used RID to quantitate their marker proteins. It has been claimed that transferrin is absent from tears of healthy eyes (17) (18) (19) . However, by the ELISA technique, all the tear samples examined were shown to contain transferrin, with concentration ranges of 0.2-14 mg/1 (mean = 4.3 mg/1) in healthy controls and 10-270 mg/1 (mean = 108 mg/1) in patients with inflamed eyes (tab. 4). Table 5 compares the transudation coefficients of tears calculated from serum albumin (RID) and transferrin (ELISA) concentrations of tears and serum. Considering the differences between the techniqües used, the agreement between the results is satisfactory.
Discussion
The role of transferrin in a wide ränge of pathological conditions must be determined with the aid of new sensitive and wide-range assays for this protein. By using anti-transferrin labeled with biotin, we were able to develop an ELISA technique for transferrin, using a single monospecific commercial rabbit antibody.
The test is of particular value for the analysis of clinical samples that are available only in very small amounts (e. g. tears) and are often destined for a large battery of tests. In terms of sensitivity and the width of the concentration ränge, the assay is comparable with, or even better than, the recently described radioimmunoassay (20) and luminescence immunoassay (21) for transferrin. Precision was a little less than for the chemiluminescent method (21) The ELISA technique caii easily be performed in one day. A two-day programme is, however, more cön-venient for laboratory technicians, who also perform a wide ränge of other düties.
